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Magnetostrictive Energy Harvesting: Materials and design study 
 
Gary Backman, Ben Lawton, and Nicola A Morley, Member, IEEE 
 
Department of Materials Science and Engineering, University of Sheffield, Sheffield, UK, S1 3JD 
 
In recent years, vibrational energy harvesting has established itself as a promising alternative to the use of batteries for powering 
microelectromechanical systems (MEMS) for large wireless sensor networks used in aerospace and building infrastructures. This work 
has focused on the design and materials used in magnetostrictive cantilever energy harvesters. The study involved using both finite 
element modelling to predict the resonance frequencies for different cantilever designs and magnetostrictive materials, followed by 
experimental measurements for validation. Two different magnetostrictive ribbons were investigated, Fe100-xGax with four different 
compositions (x = 17.5; 19.5; 21; 28 at.%) and amorphous metallic glass Metglas 2605SC (Fe81B13.5Si3.5C2). From the modelling, it was 
determined that the resonance frequency was strongly dependent on the cantilever length, thickness and density. Changing the 
FDQWLOHYHU GHVLJQ WR D ³7´ shape was found to decrease the resonance frequency. The experimental results found that the output 
voltage measured depended on the cantilever dimensions especially the thickness, the Ga concentration and the cantilever design. The 
output voltages for Fe80.5Ga19.5 cantilevers were comparable with the same dimension Metglas cantilevers. The results of the finite 
element modelling were validated by good agreement between the computational and experimental resonance frequencies measured. 
 
Index Terms² magnetostriction, Metglas, Fe-Ga, energy harvesting.  
 
I. INTRODUCTION 
N INDUSTRIES such as aerospace, healthcare, and building 
infrastructures, wireless sensor networks (WSNs) are being 
used to monitor environmental and physical conditions [1, 2]. 
They use arrays of microelectromechanical systems (MEMS) 
sensors, each monitoring a small area, from which data can be 
collected and combined to provide a comprehensive overview 
of the system. WSNs are favoured as they reduce the amount 
of wiring required and hence the cost, energy and weight of a 
monitoring system. To establish these WSNs, each MEMS 
device must be powered separately. Traditionally this is done 
by batteries, although this is not cost-effective in the long run 
due to the finite life of the battery. Replacing the batteries can 
be near impossible for inaccessible sensors or time-consuming 
IRU ODUJH DUUD\V RI ¶V of sensors. One option is to use 
energy harvesting devices in each sensor, thus making them 
self-sufficient. At present, energy harvesters provide only the 
fraction of the power which batteries do; but with recent 
technological advances in integrated circuit fabrication, 
reduced power CMOS circuitry, and very large scale 
integration design, the power consumption of conventional 
wireless sensors has been reduced, thus making energy 
harvesters a viable option [3].  
There are a number of different types of energy harvesters, 
including thermal and vibrational [4, 5]. The most common 
vibrational ones are piezoelectric energy harvesters [6] but 
draw backs include piezoelectric layer depoling during use, 
having a brittle material nature and having poor coupling. 
Magnetostrictive energy harvesters are less common as they 
require a pick-XSFRLOEXWGRQ¶WVXIIHUIURPGHSRODULVDWLRQDQG
can have a high coupling constant (Table 1). The basic design 
of a magnetostrictive energy harvester consists of a cantilever 
made of a magnetostrictive material, which oscillates within a 
pick-up coil [3, 7]. The induced voltage in the pick-up coil can 
then be used to power the MEMS devices. Often additional 
electronic circuits are required to amplify the output voltage 
from the coils. Much of the work on magnetostrictive energy 
harvesters has focussed on using Metglas ribbon as the 
cantilever [3, 7] and determining how the cantilever 
dimensions including thickness influence the maximum output 
voltage and power. 
Hu et al [7] studied the effect of different numbers of 
Metglas layers on the output voltage, mechanical damping and 
natural resonant frequencies. They found that as the number of 
layers increased, the mechanical damping increased. The first 
natural frequency linearly changed from 68Hz for 1 layer to 
~80Hz for 8 layers, while the third natural frequency linearly 
increased from ~800Hz for 1 layer to ~1400 Hz for 8 layers, 
showing that the dependence on the number of Metglas layers 
increases for higher order natural frequencies. For the output 
voltage, the maximum value depended on both the number of 
layers as well as the order of natural frequency. For example, 
at the first natural frequency, 4 layers gave the largest output 
voltage, while for the 3rd order natural frequency, 1 layer gave 
the largest output voltage, with the voltage then decreasing as 
the number of layers increased. Thus showing that there are a 
wide range of variables upon which the output voltage 
depends. Chiriac et al [8] studied a range of nanocrystalline 
ribbons in the classic magnetostrictive energy harvester 
design. Different processing techniques such as annealing 
were used to produce amorphous and nanocrystalline ribbons, 
which were then used in an energy harvester set-up to 
determine which gave the best output. It was found that the 
nanocrystalline ribbons gave the best results. 
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2 
Ueno et al [9] were the first to investigate Fe-Ga ribbons in 
energy harvesters. They used the composition Fe81.6Ga18.4 in a 
parallel beam arrangement. For 1mm x 0.5mm x 10mm 
cantilevers, the first natural resonance was at 395Hz with a 
maximum power output of 2mW. This is significantly higher 
than that found for Metglas 2605SC by Wang et al [3] who, in 
their experimental configuration, achieved a maximum power 
output of 576µW at a higher frequency of 1.1kHz. Ueno et al 
also showed that for free vibration characteristics, the energy 
conversion increased with resonant frequency, such that at 
94Hz the efficiency was 5.4%, while at 395Hz the efficiency 
was 16%. 
Another magnetostrictive material investigated in energy 
harvesters is Terfenol-D, which is an alloy with the 
composition Tb0.3Dy0.7Fe1.9. It has the advantage of having a 
large magnetostriction constant (Os ~ 1200ppm) but has a 
lower tensile strength (28MPa [10]), which is a factor 20 
smaller than other alloys such as Fe-Ga (515MPa [11]), thus 
often has had to be used in composite designs. Terfenol-D has 
been studied in a range of magnetostrictive energy harvesters, 
including transducers [12] and PZT composite cantilevers [13, 
14].  
Magnetostrictive energy harvesters can also consist of a rod 
of magnetostrictive material, which are either used to harvest 
the energy from falling mass [15] or use a transducer set-up 
[12, 16]. Davino et al [15] demonstrated an energy harvester, 
which consisted of a Terfenol-D rod with a pick-up coil, 
within a solenoid applying a bias field along the rod. The rod 
was strained by a 200g free falling mass, giving the rod a 
mechanical excitation, which was measured on the pick-up 
coil.   
Berbyuk [16] and Staley et al [12] studied low frequency 
transducer energy harvesters. Staley et al studied an energy 
harvesting transducer which consisted of a magnetostrictive 
cylindrical rod (either Galfenol or Terfenol-D) within a pick 
up and along with a biasing coil. The design used a supported 
free beam to apply a dynamic stress to the rod. The output 
voltage was measured on the pick-up coils as a function of the 
frequency of the applied stress and the magnitude of the bias 
field. The aim was to successfully demonstrate an energy 
harvester that could work at 50Hz. They found that the 
Galfenol performed better within the transducer than the 
Terfenol-D for the same mechanical inputs. Berbyuk et al also 
studied Galfenol and Terfenol-D in a magnetostrictive 
transducer. The magnetostrictive rod in this system was 
subjected to compressive force at both ends, with a permanent 
biasing magnet at one end. The output was measured on a set-
up of pick-up coils. They studied how the output voltage 
changed as a function of frequency, pre-stress and biasing 
field. It was found that the output voltage could be maximised 
by optimising the pre-stress and biasing field. Also, Galfenol 
was found to have a higher practical potential compared to 
Terfenol-D. 
Another design of a magnetostrictive energy harvester, was 
presented by Zucca et al [17]. They used pre-stressed 
Fe78B13Si9 strips. Five strips were stacked together, then were 
subjected to axial vibrations. A pick-up coil around the ribbon 
converted the change in magnetisation into an electrical signal. 
A biasing permanent magnet was placed under the ribbon to 
improve the performance. They achieved a power of 
~3µW/cm3 at 300Hz. A more comprehensive review of the 
different types of magnetostrictive energy harvesters is found 
in the review paper by Deng et al [18]. 
 
INSERT TABLE 1 HERE 
 
The aim of this research was to study the design and 
materials used in magnetostrictive energy harvesters, 
including directly comparing Fe-Ga alloys with Metglas to 
determine whether any of the Fe-Ga compositions were a good 
DOWHUQDWLYHDQGZKHWKHUD³7´EDUGHVLJQKDGDGYDQWDJHVRYHU
the classic cantilever design. Metglas was chosen as it has 
previously been used in magnetostrictive energy harvesters [3, 
7] and is commercially available, while Fe-Ga is a relatively 
new magnetostrictive material, which has a higher 
magnetostriction constant (table 1), therefore a comparison 
between the two allows for a greater understanding of the role 
of the magnetostrictive material in the energy harvester. When 
designing an energy harvester, there are two important issues 
to consider, the first is the frequency of the vibration being 
harnessed, and the second is the size of the energy harvester. 
In general, the vibration frequency is often below 100Hz, 
while the resonance frequency of a cantilever increases with 
decreasing size. Therefore to minimise the size of the energy 
harvester, while maintaining a low resonance frequency 
requires the design of the cantilever to be studied. Therefore in 
WKLVSDSHU D³7´EDUGHVLJQ DORQJ ZLWK WKH classic cantilever 
design was investigated. The ³T´ bar was chosen, as it is a 
simple design, so is easy to fabricate and allowed weight to be 
added to the end of the cantilever to achieve lower 
frequencies. Also the pick-up coil was designed to fit around 
the cantilever¶s long part, with the bar part outside the coil. 
This meant that the size of the coil and ³T´ bar cantilever was 
the same as the classic cantilever.  
II. EXPERIMENTAL SET-UP 
A. Multiphysics Modelling 
The finite element modelling software COMSOL 
Multiphysics was used to predict the resonance frequency of 
the different cantilever designs, along with how the material 
properties such as density change the behaviour. Fig. 1 shows 
the basic set-up of the model for both the classic cantilever 
DQG WKH ³7´EDUGHVLJQ ZLWK WKH FDQWLOHYHU IL[HG DW RQH HQG
The functional parameters were taken from table 1. The 
density of the Fe-Ga ribbon used in the modelling was 
determined from the actual Fe-Ga ribbons used in the 
experimental part. The modelling included two different 
thickness, (18µm and 60µm) of Metglas ribbon and 50 µm 
thick Fe-*DULEERQDORQJZLWKWKH³7´EDUGHVLJQXVLQJ 60µm 
thick Metglas. The first study investigated the material 
parameters, with the cantilever dimensions in the length range 
of 45mm to 55 mm and width range of 4mm to 6mm. The 
second study investigated a wider length (10mm to 100mm) 
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and width (5mm to 20mm) range. For each cantilever, the first 
six resonance frequencies (Eigenfrequencies) were determined 
(Fig. 1). These consisted of both bending and twisting 
resonance frequencies, depending on the dimensions of the 
cantilever. Preliminary simulations were carried out to 
determine the optimum mesh size for the cantilever, as too 
coarse a mesh gave large variation within the resonance 
frequencies, but too fine a mesh resulted in excessive 
computing times.  
 
INSERT FIG 1 HERE 
B. Experimental Procedure 
For the magnetostrictive energy harvesters, two different 
Fe-based alloys were studied in ribbon form. The Fe-Ga 
ribbons were produced by the melt-spinning method at the 
National Institute of R&D for Technical Physics, Iasi, 
Romania. The four ribbon composition studied were Fe100-
xGax (x = 17.5; 19.5; 21; 28 at.%) with thicknesses of 45-50 
µm and widths of 5±1 mm.  The Metglas 2605SC ribbon was 
brought from Metglas Inc and had a thickness of 18µm. As the 
thickness of the ribbon influences the resonant frequency of 
the cantilever [18], three Metglas ribbons were bonded 
together using a cyanoacrylate adhesive to produce a 
cantilever of thickness 54µm for comparison with the similar 
Fe-Ga thick cantilevers. The adhesive was chosen to try and 
ensure that the natural resonance frequencies of the 3 layer 
cantilever were comparable to the single layer thickness and 
were not dominated by the material properties of the adhesive. 
For the material study, the overall dimensions of the 
cantilevers were 50±1mm x 5±1mm. A summary of the 
ribbons studied is given in table 1, along with their main 
properties. From table 1, it is observed that although the 
<RXQJ¶V PRGXOXV DQG PDJQHWRPHFKDQLFDO FRXSOLQJ IDFWRURI
Fe-Ga ribbons are smaller than Metglas, the magnetostriction 
constant is a factor of 10 higher, and the Curie Temperature is 
double those of Metglas. These properties could be favourable 
for aerospace applications, where the working temperatures 
may exceed 300K. To check the structure of the Fe-Ga 
ribbons, x-ray diffraction (XRD) was carried out. A Siemens 
D5000 instrument was used with a Cu source, with KĮ and 
KĮUDGLDWLRQVDYHUDJLQJWRDZDYHOHQJWKȜ cDQG
divergence and anti-scatter slits. Data were collected over the 
angular range 20-ș DW  VHFVWHS 7KH VSHFimens were 
rotated during data collection. It was determined that all the 
Fe-Ga ribbons were crystalline, with lattice constants linearly 
increasing from 2.896Å for 17.5% Ga to 2.901Å for 21% Ga, 
then staying constant at 2.901Å for 28% Ga. The Metglas 
ribbon was amorphous. 
For the different cantilever design study, Metglas sheet of 
thickness 60µm was used. This was for two reasons, the first 
was from the results of the materials study it was found that 
the 18µm thick ribbon was too flexible to be used as a 
cantilever. The second, LW DOORZHG WKH ³7´ EDU VKDSHG
cantilevers to be cut as a single cantilever, rather than having 
to glue the bar part onto the cantilever length. For the classic 
cantilever design, the width was varied between 2.5mm to 
10mm and the length was varied between 10 to 50mm, while 
IRUWKH³7´EDUGHVLJQWKH³7´ZLGWKZDVYDULHGEHWZHHQWR
25mm (Fig. 1). 
 
INSERT FIG 2 HERE 
 
The basic principle of the comparison measurement was to 
vibrate the different magnetostrictive cantilevers over a 
frequency range within a pick-up coil (Fig. 2). The cantilevers 
were vibrated using a loudspeaker (Visaton WS 17E or 
Visaton FR12), which was powered using a 4V peak to peak 
sine wave from the output of a Stanford Research systems 
lock-in amplifier. The input vibration signal to the loudspeaker 
was measured over the frequency range to ensure that it was 
the same for all the ribbons. No variation in the input signal 
was measured. The voltage across the speaker was measured 
(Fig 2 inset), observing a peak at around 40Hz due to the 
resonance of the speaker.  The pick-up coil was connected to 
the same lock-in amplifier, to measure the output voltage 
across it. The lock-in amplifier was set to measure the signal 
magnitude. For these measurements no additional electronic 
circuit, such as the voltage multiplication circuit used by Hu et 
al [7], was used between the pick-up coil and the lock-in. This 
means that the output voltages presented in this paper have not 
been amplified nor optimised. The pick-up coil had 
dimensions of 30 x 70 x 16 mm3, with 850 turns.  
The background voltage of the experiment (i.e. the voltage 
across the pick-up coil with no ribbon in the coil) was 
measured, to determine the resonant frequency of the 
loudspeaker and the background drift on the measured voltage. 
This was carried out before and after every measurement. Fig. 
2b shows the measured background voltage, and it is observed 
for the speaker that there is a small peak at 40Hz, the first 
resonance frequency of the loudspeaker, with two further 
peaks at 77Hz and 188Hz. The same increase in voltage was 
observed as the frequency was increased for all measurements, 
thus showing the increase in voltage to be independent of the 
experimental set-up. It is likely that this observation is a result 
of drift on the lock-in amplifier used, as this was the only 
unchanged part of the experiment. The loudspeaker 
background was subtracted from the output voltages measured 
for the cantilevers.  
III. RESULTS AND DISCUSSION 
Fig. 3 shows the COMSOL modelling results for the 
different materials and designs studied. The resonance 
frequency can be changed by changing both the dimensions of 
the cantilever, the design and the material properties. For the 
Fe-Ga cantilevers, changing the width of the cantilever by 
1mm, did not affect the resonance frequency, but as observed 
in Fig 3a, changing the length by 1mm or thickness by 2µm 
changed the resonance frequency. For the Fe-Ga (50mm x 
5mm) cantilever, the resonance frequency changes by 5Hz for 
a length difference of 2mm and by 4Hz for a thickness 
difference of 2µm. While the density of the ribbon also 
changed the resonance frequency (Fig. 3b), a difference in 
1500kgm-3, which is the difference in density between 
> CL-10 < 
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19.5%Ga and 29%Ga ribbons gave a change in resonance 
frequency of 10Hz. This means that to use the modelling to 
design magnetostrictive cantilevers, it is important to know all 
the material parameters. For the Metglas cantilevers (Figs 3c 
and d), the bending and twisting modes of the cantilever both 
occur at frequencies less than 200Hz. The cantilever twisting 
modes resonance frequencies are dependent on the width of 
the cantilever, while the bending modes resonance frequencies 
are independent of the width. For a Metglas 50mm x 5mm 
cantilever, the second or higher resonance frequencies 
strongly depend upon the thickness, as for 18µm the 2nd 
bending resonance is 34.6Hz compared to 92Hz for 60µm. 
While the 1st resonance frequency is almost independent of 
thickness, as the two frequencies were 16.5Hz (18µm) and 
15.3Hz (60µm). This means when designing a 
magnetostrictive cantilever, the thickness (and therefore the 
stiffness) should be taken account of, if the working resonance 
frequency is the second or above. It is also observed that there 
is a large increase in the resonance frequency as the cantilever 
length is decreased below 30mm, which means that trying to 
PLQLDWXULVH WKHVH GHYLFHV LV PRUH GLIILFXOW 7KXV WKH ³7´ EDU
design was modelled to determine whether this would help 
solve the problem. For an overall length of 20mm, it is 
observed that the 1st resonance frequency dropped from 15Hz 
IRUQR³7´EDU WR+] IRUD³7´EDURIGLPHQVLRQVPP[
20mm and the 2nd resonance frequency from 92Hz to 79Hz. 
7KXVWKHVKDSHRIWKH³7´KDVKHOSHGWRUHGXFHWKHUHVRQDQFH
frequency. It is also observed that the bending resonance 
IUHTXHQFLHV VORZO\ GHFUHDVH DV WKH ³7´ EDU SDUW LQFUHDVHV LQ
size, while the twisting frequencies decrease more rapidly. 
 
INSERT FIG 3 HERE 
 
Fig. 4 shows the experimental resonance frequencies for the 
different cantilevers investigated in the study. For the Fe-Ga 
cantilevers it is observed that the 2nd resonance frequency 
measured is in the range 69Hz (19% Ga) to 74Hz (28% Ga), 
while the 1st resonance frequency is just observable at 12Hz 
for the 19%Ga, but was not measured for any other Fe-Ga 
composition. The magnitude of the resonance changes as a 
function of Ga composition, with the 19% Ga having the 
largest voltage output. This coincides with the ribbon having 
the largest magnetostriction constant (O~395ppm), while the 
21% and 28% Ga composition ribbons have the lowest output 
voltage and they also have smaller magnetostriction constants 
(table 1). This suggests that the magnitude of the output 
voltage depends upon the magnetostriction constant, which in 
Fe-Ga ribbons depends upon the Ga concentration.  
 
INSERT FIG 4 HERE 
 
For the 18µm and 3x18µm Metglas cantilevers (Fig. 4b), it 
is observed that the resonance frequency of the speaker 
produced a larger peak in the data, than the 2nd natural 
resonance frequencies of the cantilevers themselves. For the 
Fe-Ga cantilevers, the speaker resonance frequency peak was 
much smaller than the peak observed in the Metglas 
FDQWLOHYHUV¶ IUHTXHQF\ VZHHS. One possible reason for this is 
that the 18µm Metglas cantilever thickness was much thinner 
than the Fe-Ga cantilevers, and therefore more flexible so 
responded to the speaker resonance greater than the Fe-Ga 
cantilevers. It should also be noted for the 60µm Metglas 
cantilevers, no speaker resonance was measured.  
Comparison can also be made between the different 
thicknesses of Metglas cantilevers studied. The 3x18µm 
Metglas cantilever total thickness is almost the same as the 
60µm thick Metglas cantilever. Thus comparing the results of 
the 50mm x 5mm cantilevers, it is observed for the 60µm 
cantilever, three bending resonances were measured at 5Hz, 
25Hz and 75Hz, while for the 3x18µm Metglas cantilever, two 
resonances were measured at ~ 10Hz and 78Hz. Thus both of 
these cantilevers have a resonance at around 75Hz. The 
magnitude of the output voltage also depended on the 
thickness of the Metglas cantilevers. For 50mm x 5mm 
cantilevers, at the 2nd resonance frequency, the output voltage 
for the 18µm cantilever was 0.86mV compared to 0.36mV for 
the 3x18µm cantilever and 0.06mV for the 60 µm cantilever. 
Thus it decreased as the thickness of the cantilever increased. 
The 20mm x 5mm x 60µm Metglas cantilever output voltage 
was 0.23mV, so comparable with the 3x18µm Metglas 
cantilever. For the Fe-Ga cantilevers, the 19% Ga ribbon had 
the largest output voltage of 0.97mV, thus is comparable to 
the 18µm Metglas cantilever and better than the 3x18µm 
Metglas cantilever, therefore making Fe-Ga ribbons an 
alternative to Metglas for magnetostrictive cantilevers. 
For the classic Metglas 60µm cantilever, the resonance 
frequency depended strongly on the length (Fig. 4c), but not 
on the width. It was found that changing the width from 
2.5mm to 10mm, only changed the resonance frequency from 
26Hz to 29Hz. Therefore confirming the modelling data, that 
the cantilever width does not change the 1st bending 
frequency of the cantilevers. While changing the length from 
10mm to 50mm changed the frequency from 170Hz to 5Hz, 
again confirming the modelling prediction that the resonance 
frequency strongly changes for lengths below 20mm. It was 
also found that the output voltage depended on the length of 
the cantilever, with the longer cantilevers having smaller 
output voltages compared to the shorter ones. This was 
REVHUYHGWREHGXHWRWKHORQJHUFDQWLOHYHUV³GURRSLQJ´ within 
the pick-up coils, meaning at resonance they were unable to 
resonant at the same magnitude as the shorter cantilevers, 
hence a lower output voltage was measured. This means to 
achieve larger output voltages the cantilever should be stiff. 
Also the 10mm cantilever had a lower output voltage, due to 
having less material compared to the 20mm cantilever.  
)RUWKH³7´EDUFDQWLOHYHU WKHZLGWKRIWKH³7´LQIOXHQFHG
the resonance frequency and the output voltage (Fig. 4d). It 
was found that the additional mass on the end of the cantilever 
GXH WR WKH ³7´ shape meant the cantilever was bent when 
stationary rather than horizontally straight, i.e a similar 
situation to the longer classic cantilevers. This again lowered 
the output voltage measured for the larger ³7´ GHVLJQV
Comparing the resonance frequencies between the classic 
FDQWLOHYHU DQG WKH ³7´ EDU LW LV REVHUYHG WKH UHVRQDQFH
> CL-10 < 
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frequency does decrease with LQFUHDVLQJZLGWKRIWKH³7´. The 
PP³7´ZLGWKLVWKHclassic FDQWLOHYHUZLWKQR³7´ part, thus 
the resonance frequency can be shifted by 10 Hz with the 
DGGLWLRQ RI WKH ³7´ EXW WKH RXWSXW YROWDJH GHFUHDVHV E\ D
IDFWRU7KHUHIRUHDOWKRXJKWKH³7´EDULQWKHRU\VKRXOGKHOS
with the minimization of the cantilever, in practice, it does not 
provide as high an output voltage as the classic cantilever. 
   
  
INSERT FIG 5 HERE 
 
Finally the experimental results are compared with the 
modelling predictions. For the Fe-Ga cantilevers (Fig. 5a), it is 
observed that there is good agreement with the resonance 
frequency of the 50mm length cantilevers with the modelling 
predictions, while for the shorter cantilevers the measured 
resonance frequencies were lower than the predicted ones. 
Similarly for the 60µm Metglas cantilevers as a function of 
length, the measured resonance frequencies are all lower than 
the predicted frequencies. Although the trends observed in the 
resonance frequencies, i.e. much higher frequencies for shorter 
cantilevers were observed. Also the modelling predicted that 
the width of the cantilever would not change the resonance 
frequency, and experimentally no difference in the resonance 
frequency was measured for the different width cantilevers. 
This means that the modelling was able to predict a trend in 
WKH UHVRQDQFH IUHTXHQFLHV DQG D ³EDOO-SDUN´ YDlue for them, 
but if one of the materials parameters such as density (Fig. 3b) 
or the dimensions (Fig. 3a) are wrong in the model, then the 
predicted frequency will be different from the experiments.  
For the T-bar cantilevers, the measured resonance 
frequencies were higher than the predicted frequencies, but the 
decrease in resonance frequency with increase in T-bar width 
was measured. Thus the modelling was able to predict that the 
³7´EDUZDVDSRVVLEOHGHVLJQWRDFKLHYHDVPDOOHUFDQWLOHYHU
with a lower resonance frequency. The reason for the 
difference between the modelling and the experimental results 
again could be due to incorrect material parameters in the 
model or error in the fabrication of the cantilever. The 
cantilevers were cut out of large sheets of Metglas, thus any 
HUURULQWKHOHQJWKRUZLGWKRIWKHFDQWLOHYHURU³7´EDUGHVLJQ
will change the resonance frequency, as discussed above.  
IV. CONCLUSIONS 
It has been shown that trends in resonance frequency of 
magnetostrictive cantilevers can be predicted using COMSOL 
modelling, with frequency values strongly dependent on the 
cantilever dimensions and material parameters. 
Experimentally, the output voltage measured strongly depends 
upon the dimensions and design of the cantilever along with 
the magnetostrictive material used. It was shown that Fe-Ga 
(19% Ga) ribbon had competitive outputs compared to 
Metglas cantilevers of the same dimensions. While the output 
voltage decreased for Fe-Ga ribbons with lower 
magnetostriction constants. To reduce the resonance 
frequency, without increasing the size of the cantilever, the 
³7´EDUGHVLJQZDV LQYHVWLJDWHG ,WZDV IRXQG WKDW IRUD WRWDO
cantilever length of 20mm, the resonance frequency could be 
reduced by 10Hz with the additional of a 5mm x PP³7´
on the end. The disadvantage was that the output voltage 
GHFUHDVHGDVZHOOZLWKWKHDGGLWLRQRIWKH³7´SDUW 
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Fig. 2.  Experimental set-up and background output voltage. Inset: voltage 
across the speaker as a function of frequency 
 
Fig. 4.  Voltage as a function of frequency for a. FeGa cantilevers, b. Metglas 
cantilevers (layer thickness 18µm), c. Metglas cantilevers (layer thickness 
60µm) and d. Metglas T-bar cantilevers 
 
Fig. 3.  COMSOL results for magnetostrictive cantilevers with width 5mm 
for FeGa cantilevers with a. different thicknesses and b. different density, for 
Metglas cantilevers with c. different widths and thickness 18µm and d. 
different lengths with thickness 60µP DQG IRU ³7´ EDU FDQWLOHYHUV ZLWK H
GLIIHUHQWOHQJWK³7´DQGIGLIIHUHQWZLGWK³7´DQGWKLFNQHVVµm 
 
 )LJ&2062/PRGHOOLQJDVLPSOHFDQWLOHYHUGHVLJQDQGEWKH³7´EDU
design 
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Fig. 5.  Comparison between the modelling data and the resonance frequency 
for different dimension cantilevers a. FeGa, b. Metglas (layer thickness 
60µm) DQGF³7´ bar cantilevers 
TABLE I 
MATERIAL PROPERTIES OF METGLAS AND FE-GA RIBBONS 
Material Property Metglas 2605SC Fe82.5 Ga17.5 Fe80.5 Ga19.5 Fe79 Ga21 Fe72 Ga28 
<RXQJ¶V0RGXOXV*3D 160±40 [19] 65 [20] 59 [20] - 30 [20] 
Magnetostriction constant (ppm) ~30 [19] 320 [21] 395 [21] 274 [21] 305 [21] 
Saturation Magnetisation (kA/m) 128 [19] 143 [22] 135 [22] 119 [22] 90 [25] 
Magneto-mechanical coupling factor 0.97 [19] ~0.66 [23] ~0.66 [23] ~0.66 [23] ~0.66 [23] 
Curie Temperature (oC) 370-380 [19] 720 [24] 690 [24] 640 [24] 400 [24] 
Anisotropy (kJm-3) 38 [19] 27 [25] 13 [26] - ~1 [25] 
 
 
